Ribosomes employ a "kinetic discrimination" mechanism, in which correct substrates are incorporated more rapidly than incorrect ones. The structural basis of this mechanism may involve 30S domain closure, a global conformational change that coincides with codon recognition. In a direct screen for fidelity-altering mutations, Agarwal 
signaling is the tRNA itself, which is known to adopt a distorted conformation in the GTPase-activated state (13) (14) (15) . Another non-mutually exclusive possibility is that signaling occurs through the 30S subunit. Crystallographic studies of the 30S subunit suggest that cognate A codon recognition is accompanied by a global conformational change termed domain closure (11, 12) . Domain closure involves inward rotation of the 30S shoulder, which may alter contacts with EF-Tu in a way that triggers GTPase activation (15) (16) (17) .
The domain closure model can elegantly explain signaling between the 30S A site and the GTPase domain of EF-Tu. Cited in support of the model are mutations at the S4-S5 interface that have been generally associated with a ribosomal-ambiguity (ram; error-promoting) phenotype (17) . S4 is part of the shoulder domain, whereas S5 is part of the body; hence, these proteins separate during domain closure. By destabilizing the interface, the S4-S5 mutations should promote inward shoulder rotation and increase error rates, in accord with the model. A sticking point with the model, though, comes from a 1999 study by Björkman et al. reporting several S4 mutations with an unexpected phenotype (18) .
The traditional method of isolating fidelity-altering mutations employs streptomycin, an antibiotic that promotes miscoding (19) . Streptomycin-dependent (SmD) mutations are first selected. These map to rpsL (S12) and tend to slow translation and cause hyperaccurate (or "restrictive") decoding. Suppressors of these SmD mutations are then obtained by selecting for streptomycin independence (SmI) or rapid growth. These suppressor (SmI) mutations typically map to rpsD (S4), rpsE (S5), or rplS (L19) (20, 21) . SmI mutations among the first characterized mapped to rpsD and resulted in truncations (presumably all C terminal) of S4 in Escherichia coli (22) (23) (24) . When moved into a clean genetic background, six of six of these S4 mutations conferred a ribosomal-ambiguity phenotype (23) , suggesting that the slow and hyperaccurate decoding of SmD ribosomes can be reversed with either error-promoting ram mutations or the errorpromoting antibiotic. This simple relationship was challenged by Björkman et al. in 1999, when SmI suppressors in Salmonella enterica serovar Typhimurium, isolated in the same traditional way, were characterized (18) . Of seven rpsD mutations analyzed in detail, four were found to confer a ribosomal-ambiguity phenotype (as expected) but three were found to confer a restrictive (res; hyperaccurate) phenotype. These seven mutations (and many other compensatory mutations identified in S. Typhimurium) map to the S4-S5 interface, and there is no obvious structural explanation for the contrasting fidelity phenotypes reported. Perhaps most puzzling is that one of the res mutations (E201*) predicts a C-terminal truncation of S4, as do the well-known ram mutations (rpsD12, rpsD14, and rpsD16) in E. coli (25, 26) . Any of these truncations would be expected to destabilize the S4-S5 interface, yet their reported effects on fidelity do not correlate.
In this issue, Agarwal and coworkers (27) describe the results of a direct screen for S4-S5 mutations that alter translation fidelity in E. coli. Using a single-step recombineering approach, they mutagenized each gene specifically and screened for those mutations that increase or decrease miscoding. As expected, the mutations identified cluster largely at the S4-S5 interface, and many map at or near positions identified in previous studies. Both ram and res mutations were identified, although ram mutations represented the overwhelming majority (31 of 38). Importantly, five nonsense mutations in rpsD were recovered, all of which confer a ribosomal-ambiguity phenotype. These are predicted to truncate the C terminus of S4 to various degrees (Fig. 1) . As the C-terminal alpha helix of S4 makes extensive contacts with S5, each of these truncations undoubtedly destabilizes the S4-S5 interface, in line with the domain closure model.
Notably, one of the ram nonsense mutations recovered by O'Connor and coworkers is E201*, the same mutation reported by Björkman et al. to confer a restrictive phenotype. It seems unlikely that this incongruity is due to some difference between E. coli and S. Typhimurium, given that the decoding mechanism is highly conserved (28) (29) (30) (31) . Another possibility is that Björkman et al. somehow got it wrong. It will be worthwhile to generate the relevant rpsD alleles (e.g., Q53L, ⌬V200, and E201*) de novo in both organisms and reevaluate their phenotypes. Such experiments are necessary to unambiguously determine whether certain res mutations can indeed reverse the effects of other res mutations (18) .
ram mutations have also been identified in 16S rRNA by screening directly for increased miscoding (32) . Many of these mutations cluster along interfaces between the 30S shoulder domain and other parts of the ribosome, generally consistent with the domain closure model. One set of mutations, for example, disrupts the tetraloop of h16, which lies at the "top" of the shoulder. In the open state, this tetraloop contacts S3 of the head domain, an interaction reduced in the closed state. By disrupting this interaction, these mutations likely promote shoulder rotation and thereby increase miscoding (32) .
Analysis of the 16S rRNA ram mutations revealed the importance of another part of the ribosome-intersubunit bridge B8 -in the mechanism of decoding (31) (32) (33) . Formation of the GTPase-activated state normally involves disruption of B8, and mutations that weaken or eliminate the bridge strongly increase miscoding. Mutation G299A, which lies in h12 near S4-S5, disrupts B8 allosterically (31) , explaining (at least in part) its ribosomal-ambiguity phenotype. The 30S-side of B8 is made up of helices h8 and h14, which interact with one another near the base of the shoulder domain. Whether inward shoulder rotation and B8 disruption are coupled motions remains unclear. Both entail relatively small-scale movements, making the question a challenging one to address experimentally. The answer may come soon enough, as biophysical methods continually improve, but probably not without the use of some well-studied ribosomal mutations.
